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1 Introduction 
   In Japan, the geological structure is complicated and the development of 
faults and fracture zones is conspicuous. The land consisting of weathered rock 
extends widely and the weathered rock is usually fragile and younger in geological 
age. Thus, landslides and landslips occur frequently in various places. The 
landslide-threatening areas are 10207 in number and amount to 378,029 ha in 
area in the estimation by the Ministry of Construction and the Ministry of 
Agriculture and Forestry in 1972 (Mochizuki et  al. 1972). The investigation of 
landslide has become active after World War II. The Landslide Society of Japan 
was organized in 1962. Countermeasures sgainst landslide have been an important 
policy in Japan since the preventive law against landslides was enacted in1958. 
   Nowdays, the investigation method of the slide mechanism has been fairly 
standardized and the standardization has favoured to raise the average level of 
investigation, but, on the other hand, it has brought about some immobility of 
investigation. Judging from the authors' experiences, the traditional investigation 
methods of landslide have a number of problems to be solved in future. In this 
paper, we shall discuss some of such problems. 
2 General method of the landslide survey 
   Traditional methods of the landslide survey employed today have two  parts; 
preliminary survey and detailed survey. 
   The preliminary survey contains the survey of  landform and geology, the survey 
of history (the occurrence of damages and the history of slides) and the survey of 
surface water and groundwater (Yamaguchi et  al. 1972). 
    The detailed survey is to investigate the ground structure, the physical 
properties of ground (the nature of soil and rock, and the shape and deformation of 
sliding landmass etc.) and the nature of surface water and groundwater by using 
various measuring apparatuses. Electric prospecting, seismic wave prospecting and 
radioactivity prospecting are used for investigating the sliding area and around. 
   As the methods for studying the detailed nature of landmass, the following 
investigations are generally performed: 
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    Boring survey; this method collects the core samples of the fluctuating 
 landmass and the basement complex, to investigate their nature and to presume 
where the sliding surfaces exist. At the same time, the nature of groundwater is 
studied from the change of groundwater level, leak water and spring water during 
 boring. 
    Sliding surface survey; the existence of sliding surfaces is presumed from 
the fracture of core samples obtained by boring, the deformation of the boring 
hole and the measurement of underground strain. 
    Groundwater survey; the change of groundwater and spring water in the 
boring hole is examined. The electric resistance of groundwater in the boring hole 
is changed artificially by throwing test salt into the boring holes. The position of 
the aquiferous layer is estimated by examining how the artificially changed electric 
resistance returns to the original value. When the existence of compressed water 
is presumed, its level is measured. The chemical analysis of groundwater is also 
carried out along with the groundwater tracing which is made by using a tracer. 
    Survey of ground fluctuation; the tensometer and the tiltmeter are employed. 
3 Problems in the preliminary survey 
   The survey of landform and soil at the margin of the sliding area is one of 
important works. Here, we shall discuss unsolved problems in the landform 
survey. The landslide is a collapse phenomenon occurring on slopes in special 
geological conditions to form the characteristic landform of the sliding activity. 
Traditional landslide surveys have an ideological tendency; namely, horseshoe-
shaped slide cliffs are formed at the upper part of the sliding area, depressions 
or ponds exist on the foot of slide cliffs, the complicatedly rolling slopes run 
comparatively gently downward of the depressions or ponds, and the tips are 
composed of steep slopes. Such landforms are considered fundamental to the 
sliding area  (Ter-Stepanian 1962, Varnes 1972). 
   Looking the existing landslides, above-described  landforms are surely seen 
in the sudden collapse landslides in which rock slided down, but such landforms 
are not found in the areas of sliding many years ago, especially in the large-scale 
rock slide areas. Slide cliffs with large horseshoe shape are rarely seen in the 
repeating sliding areas (in the Tertiary mudstone areas). Even if such slide 
cliffs exist, the scale is small or the shape is deformed by the following fluctuations to 
lose its original form. It should be avoided to conclude that the steep cliff area 
with horseshoe shape in the precise air photograph (scale  1/1000 to  1/2000) is a 
sliding area without making actual investigations. It should be examined whether 
or not such a landform is formed by the other landform deformation process such 
as the lateral erosion of the rivers.
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   Taking into account the landform  deformation process and its following 
development, we should make investigations of the wide area containing the slide 
area and around along with the  landform deformation caused by landslide. The 
original  landform before the landslide should be also investigated strictly. The 
original  landform investigation seems to  be insufficient in the traditional land-
slide surveys. 
   In the frequently sliding areas consisting of the Tertiary layers in the north-
east Japan, volcaniclastic rocks such as tuff-breccia get mixed with mudstones or 
wrap the slopes composed of mudstones as caprock (Nakamura et al. 1973, 
 1974). When a collapse landslide occurs in such a sliding area, collapsed landmass 
buries valleys to form buried valleys, or large-scale rock slides break out downstream 
of the buried valleys to check the occurrence of landslide in both slopes of the 
buried valleys (Nakamura 1972). Thus, landforms characteristic of landslide or 
slide collapse are formed, and the resistance of slopes against the landslide is 
changed by the collapsed landmass assuming the different landform deformation 
aspects from before. 
   Since the landform survey due to the present landslide researches is rather 
uniform and ideological, it should be rediscussed strictly from the standpoint of 
history of the landform development. 
4 Problems in the detailed landslide survey 
(1) Problems in the horizontal electric prospecting 
   The horizontal electric prospecting is today widely used for investigating 
regionally the character of the sliding area, especially the state of groundwater 
infiltrating into the layers. In the horizontal electric prospecting, the apparent 
specific resistance is measured by the three or four electrodes method at the 
measuring points set in meshes in a  net: the apparent specific resistance obtained 
are examined with every fixed depth, and the relatively low apparent specific resist-
ance area is presumed as a groundwater-containing area, that is, a landslide-
threatening area (Yamaguchi et al. 1972). 
   In the large-scale sliding area, the nature of ground is usually not uniform; the 
ground is often composed of mixtures of lutaceous rock,  psammitic rock or vol-
caniclastic rock etc.. Since the apparent specific resistances obtained in such an 
area are generally low, they don't indicate the groundwater-containing area in 
direct. The groundwater tracing survey has revealed that much groundwater 
flows along the high apparent specific resistance belt and that the high apparent 
specific resistance area contains more groundwater than the low resistance area. 
It is one of the most important subjects in the slide mechanism survey to make 
regional investigations on the groundwater recharge storage and its collecting areas.
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        Fig.  1 Distribution of landslides in the Tertiary layer areas. 
            A: Oil-bearing Neogene and green-tuff regions. B: Crowded. 
            C: Coal-bearing region and other Tertiary areas. D: Crowded. 
The horizontal electric prospecting is only to give a criterion for evaluating 
the groundwater recharge storage when the colluvial soil or the rock wrapping the 
surface of the sliding area is uniform in nature. Up to now, we are apt to lay too 
great stress on the electric prospecting, and it is dangerous to apply habitually the 
electric prospecting to the landslide survey, especially so with the sliding area 
including volcaniclastic rocks. 
(2) Problems in the boring survey 
   Boring survey is now most widely employed for investigating the ground 
structure of the sliding area and for studying the position and form of the sliding 
surface. Boring survey is also adopted for examining veins, flow systems and 
pressure of groundwater. To investigate the nature of soil and rock by boring, we 
must pick up core samples with great care. Followings are the problems as to
                    Problems of Landslide Survey in  Japan 123 
boring survey. 
   The landslide occurs by nature on slopes underlain by clayey weathered 
basement. The fixed rock is also sometimes weathered. It is often difficult to 
distinguish the talus from the weathered fixed rock only with core samples. The 
volcaniclastic rock such as tuff-breccia has by nature soft and hard parts. If 
tuff-breccia is weathered, it becomes softer and more difficult to be picked up 
by boring: it is also very difficult to distinguish the talus mixed with  tuff-
breccia from the basement rock. In the rock slide area, the moving rock is some-
times of the same quality as the fixed rock. When the rock slide is limited on a 
special layer, it is sufficient to examine the special layer. However, if the rock 
slides are not limited on the special layer, for example, even back-slopes are 
included, it is very difficult to examine the basement rock with core samples 
obtained. In order to make boring survey as perfect as possible, we must pick up 
core samples as carefully as we can and change the boring hole according to the 
nature of soil or  rock  : when core samples are difficult to be picked up, the 
large boring hole must be used. The core samples picked up from the weathered 
rock of the sliding area is sometimes affected by the circulating water in work; the 
central part of the large core samples taken from the weathered rock should be 
used for investigating the nature of ground. 
5 Conclusion 
   In the above-described, several problems in the method of landslide survey are 
pointed out. In order to clarify the ground structure of the sliding area and the 
occurrence mechanism of landslide, it is most effective to discuss and investigate 
synthetically the data obtained by the various kinds of landslide surveys. However, 
when the sliding area is large-scale or its structure is complicated, some part of the 
mechanisms is not elucidated by any combination of landslide surveys. Every 
landslide survey has its merits and demerits along with the limitations of  application: 
some of these landslide surveys must be selected after careful consideration of these 
limitations. 
   In Japan, the present landslide surveys are mostly performed by government 
offices, only to find out the reasonable countermeasures against landslide. Therefore, 
the stability analysis is specially regarded as important and the stability calculation 
is often made. The method to assure the safety factor of slopes and the investigation 
to discover the counterworks against landslide are chiefly wanted. However, the 
surveys which contribute less to the stability analysis of slopes seem to be neglected. 
The stability of slopes related to landslides is not readily calculated in most cases; 
the present stability calculation is based on numerous assumptions, only to give a 
criterion for the stability of slopes. The research activities aimed only to find out
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the counterworks contribute less to the development of landslide survey. It is 
more desirable to make researches in the method of investigation of landslide for 
clarifying the mechanism of complicated landslides and for forecasting the occurrence 
of landslides and landslips. 
     The authors would like to express their sincere thanks to Prof. T. Noh and Prof. K. 
 Nishimura for their instructions and encouragement. 
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